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The Problem: 
Antibiotics in our Waterways
 Between 2000 and 2010 the global consumption of 
antibiotics dramatically increased from 50 billion to 70 
billion standard units, with 70 to 80 percent of those units 
applied to the livestock industry1
1Gelband et al. 2015
2Zhang and  Zhang, 2011
 Depending on how antibiotic is metabolized through an 
animal’s body, as much as 30-90% of antibiotics 
administered passes through the animal into their waste2
Possible Mitigation Solution: 
Biochar
Biochar, biomass pyrolyzed in low-to-no oxygen 
environments, is a carbon-rich polycyclic aromatic 
substance also comprised of aliphatic and oxidized 
carbon structures
 High recalcitrance to environmental decay
 Ability to bind organic compounds
 Provides soils with additional surface area and cation  
exchange sites 
Objective
To determine if softwood-derived biochar  
facilitates the transport of veterinary antibiotics 
under rainfall simulations 
Antibiotics
Antibiotic
Antibiotic 
CLass
Molecular 
Weight 
(g/mol)
pKa log Kow
Solubility in 
Water 
mg/ml
Molecular
Structure
Lincomycin Lincosamide 406.5 7.6 0.2 0.93
Monensin Ionophore 670.9 4.2 5.4 3.00*10-6
Tylosin Macrolide 916.1 7.7 1.6 5.00
Biochar and Soil Properties
Biochar
 Mixture of softwoods: pine (Pinus), fir (Abies), and spruce (Picea)
 Slow pyrolysis at 450°C
 Sieved <4mm
 Provided kindly by Dr. Kevin Gibson (Purdue University)
Soil
 Chalmers silty clay loam (Fine silty, mixed, superactive, mesic 
Typic Endoaquoll)
 Previous corn/soybean rotation, collected in fallow conditions
 Sieved <5mm
 Excavated from ACRE Purdue farm in West Lafayette, IN
Rainfall Set Up
Figure 1. Runoff Figure 2. Infiltration
Two rainfall rates: 50 mm/hr and 100 mm/hr
Three Biochar rates: 0, 1, and 2% by weight
Total Run Time: 45 minutes
Biochar Isotherms
Freundlich
Kf 1/n r2
Lincomycin 5.95 0.228 0.39
Monensin 2.92 0.671 0.73
Tylosin 17.8 0.500 0.92
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Soil Isotherms
Freundlich
Kf 1/n r2
Lincomycin 0.188 0.509 0.73
Monensin 0.001 1.71 0.80
Tylosin 3.36 0.889 0.87
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Lincomycin Monensin Tylosin
Sediment Runoff 0.7% 0.3% 2.9%
Biochar Runoff 0.0% 0.1% 0.1%
Water Runoff 4.9% 0.7% 0.1%
Soil from Boxes 30% 78% 63%
Biochar from Boxes 0.1% 10% 0.04%
Infiltration 8.0% 42.7% 0.5%
Total Recovery 43.8% 132% 66.6%
Percent Antibiotics Recovered from Rainfall Simulations
*Biochar captured in runoff accounted for <1% of total biochar applied, 
within the range of 0.06% to 0.30%
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ns= not statistically significant; p < .05
Water Runoff
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin 100 > 50 1% > 2% > 0% ns
Monensin 100 > 50 2% > 1% = 0% ns
Tylosin ns ns
1%, 100 > 0%, 100 > 2%, 100 >  2%, 
50 > 1% = 0%, 50
Sediment Runoff
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin 100 > 50 ns ns
Monensin 100 > 50 ns ns
Tylosin 100 > 50 0% = 2% > 1% ns
Soil Boxes
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin 100 > 50 ns ns
Monensin 100 > 50 ns ns
Tylosin ns ns ns
Soil Boxes
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin 100 > 50 ns ns
Monensin 100 > 50 ns ns
Tylosin ns ns ns
Infiltration
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin 100 > 50 ns ns
Monensin ns ns ns
Tylosin 100 > 50 ns ns
Biochar from         
Boxes
Rainfall Rate Biochar Rate Rainfall Rate x Biochar Rate
Lincomycin ns ns ns
Monensin 100 > 50 ns ns
Tylosin ns ns ns
ns= not statistically significant; p < .05
CONCLUSIONS
 Less than 1% of biochar by weight was recovered in 
runoff, paired with low antibiotic extraction from 
biochar indicates little to no negative effects of 
facilitated transport
 Antibiotics have greater propensity to stay in the soil 
than be lost through infiltration or facilitated transport 
via sediment and biochar runoff
 Rainfall Rate had more of an impact on antibiotic loss 
than biochar rate
